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Adenosine-Induced Atrioventricuiar Block : A Rapid and Reliable
Method to Assess Surgical and Radiofrequency Catheter Ablation of
Accessory Atrioventricular Pathways
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Adenosine ha linen shown to intibit anterograde and retrograde
condudleatian ighthealriwventriwlarIAV)nodewhit .ha .inglittle
or no effect on accessory pathway conduction, Its rapid onset of
action and short hag-We make it parfculariy .suitable for repetitive
measurements. In this study, the utility of adenosine was tested in
assessing compldenesa
accesscry pathway ablation. Sixteen pa-
times with an ac-wry patlmay were studied (eight snrorat
onto-
tins, eight catheter oblations with radiafroquency enrol .
Before ablation, to accessory pathway was sensitive to adeno .
sine . Twelve patients with pre-eacilutian shunned high grade AY
node block with maximal pre-excitation on the administration of
adenosine during aerial pacing . Four patients with a concealed
Ablation of accessory alriuventricular (AV) pathways by
surgical dissection or tatheler ablation has proved to be a
highly successful means of treating patients with recutrcnt
supraveatricular tachycardia involving these pathways (1-
4) . Successful ablation may be confirmed by the absence of
anterograde pre-excilation, the presence of normal retro-
grade atrial activation and the inability to induce AV recip-
rocating tachycardia (1) . Accessory pathway ablation is
considered successful when all AY conduction is confined to
the AV node. This requires detailed pacing and endocardial
or epicardial activation mapping to distinguish normal AV
node from accessory pathway condnetion . Even with this
information, however, differentiation between conduction
over the AV node and a septal accessory pathway may prove
difficult
. In addition, in patients undergoing surgical abla-
tion, elevated circulating cateclmlamincs (5). surgical trauma
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accessory pathway demonstrated high grade AV block wllhont
rvidrnce of latent anterograde accessory pathway conduction .
Preahlation ventriculoatrial (VA) block was not
rhserned in any of
the 16 patients in response to adenosine during venriculnr pacing
.
Immediately after accessory pathway ablation, all patients
denntoped AV and VA block with the administration or adenosine
during atria( and ventricular pacing, respectively
. These findings
,ere confirmed during follow-up study I week later- Atrioventrtc-
alar hlrek during alriad and ventricular pacing with adenosine
affords a reliable and immediate assessment of successful patbway
ai,ation .
0 Am C41 Ceerf'iol 1997a9a 005-17)
and general anesthetic agents can obscure distinctions be-
tween normal AV node and accessory pathway conduction
.
Adenosine . a metabolite of adenine nucleotide cartoon ,
lism, has potent electrophysiologic effects on the AV node
(6,71. These include both direct and indirect (antiadrenergicl
negative dromotropic effects (8). Adenosine has minimal
effect on accessory pathway refractoriness (9) and has not
been reported to have any direct effect on accessory path-
way conduction except for those infrequent pathways that
demonstrate decremental conduction properties (10) or long
refractory periods (1I) .
Although approximately 2W t of
accessory pathways have been reported to be sensitive to
adenosine triphosphate (12), it is not necessarily equivalent
to adenosine, since some of its actions are due to vagally
mediated effects (13).
Therefore, because of the potent and
selective actions of adenosine on AV node conduction and
its short half-life (<1 . .S s) (14) and minimal hemodynamic
effects
(1 .5) . we hypothesized that adenosine would be an
ideal agent to immediately test the efficacy of AV
accessory
pathway ablation. This
study was performed in patients
undergoing surgical division or radiofrequency ablation of
accessory pathways .
Methods
Study patients (Table 1)
. The study group consisted of 16
patients with an accessory pathway who were referred for
01eo-1aov1e1sc .aJ
trios
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Table I . Cundudion Charactensticsin Response to Adenosine Administration in 16 Patients
treatment of recurrent supraventricular tachycardia or pre-
excited atria) fibrillation . The nit(jority of patients had under-
gone at least one unsuccessful trial of medical therapy and
were referred for either surgical division (University of
Florida) or radiofrequency catheter ablation (New York
Hospital-Cornell University Medical College) . No patient
had a history of syncope, previous sudden cardiac death or
structural dear) disease. All patients were studied in the
absence of antiarrhythmic medication and none of the pa-
tients were receiving a theephylline preparation or dipyrid-
amole, drugs known to attenuate or potentiate, respectively,
the phamiacologic effects of adenosine. The protocol was
reviewed by the Institutional Review Board of each institu-
tion and approved for human studies
.
Electrophysiologic studies. Studies were performed with
standard electrophysiologie techniques (10) after informed
consent was obtained . Briefly, quadripolar catheters were
placed at the right ventricular apex, the coronary sinus and
across the tricuspid valve to record the His bundle potential .
A fourth catheter was placed in the right atrium for activa-
tion mapping along the AV ring and for pacing the right
atrium
. Bipolar intracardiac recordings were filtered from 30
to 500 Hz and were displayed along with three eleecrocar-
diographic (ECG) leads on a multichannel oscilloscope
.
Real-time recordings were made with a paper speed of
100 mm(s, Stimulation was perfumed with a programmable
JACC Vn1 . 1s. tae. s
Ap'r 399.1
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At = orteroleteral: AP Luc - accessory pathway location ; AV latriovenrricotent and VA tventreuloanedallore the conduction chueacierietiea in the
esierogrzde and retrograde directions during administration of adenosine ; ECG = electrocardiogram ; F = female ; L -- left ; Lot - lateral: M = male ; NT = not
rested ; PI = poeterulmeral; Post = poacher; Pea-axe = pre-excitation ; PS = posteroseptal; Pt = Patient ;
- = no change with adenosine ; + = block with
edear,;, :0 - -d-f- not p~eePnt .
stimulator and constant current source
(Bloom Associates).
In patients treated surgically, eleetrophysiologic studies
were performed before, during and 1 week after the opera-
tion, In patients who underwent radiofrequency ablation, the
diagnostic evaluation and ablation were performed during
the same procedure . All but one of the patients undergoing
radiofrequency ablation underwent evaluation several days
after the initial procedure .
Studies before ablation . Anterograde and retrograde con .
duction were
characterized
by incremental pacing and ex-
trastimulus techniques . No accessory pathway was noted to
have decremental conduction . Endocardint mapping of the
tricuspid anulus was performed during ventricular pacing
and orlhodromie AV reciprocating tachycardia . To confirm
participation of the accessory pathway during tachycardia,
advancement of atria) activation with premature ventricular
exlrastimuli introduced during His bundle refractoriness was
demonstrated
.
At completion of !he pacing protocol, adenosine was
administered during concurrent right alrial pacing (cycle
length 400 or 5s0 most as a rapid bolus injection (6 to 12 mg)
through a large bare cautcier placed in an antecubital or
central vein . An intravenous bolus dose of adenosine (6 to
12 mg) was repeated during right ventricular pacing (cycle
length 400 or 500 ms) .
Surgical Ablation
Baseline
	
Predisseetion Postdi,eedmn Postoperative
PI
Ne
.
AS,
(yr)l
Gender
ECG
AP L.. AV VA AV VA AV VA AV VA
I 311E Prmexc PS
+ 0
2 751M Pre-exc PS
3
4VM Pre-exc LLet + r + +
4 IPM P,-.c L Let + + NT
5 tot' Normal LLit +
6 2HM Pre-ecc I, La :
7 171* Normal PS
+ + + +
0
a 27IF Pre-em L Lat
Rediefrequeaay Ablation
Poslablaaon Pnstnhleiinn
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Studies performed during surgical ablation . Before surgi-
cal ablation, intraoperative stimulation and mapping were
performed . After exposure of the heart . bipolar plaque
electrodes were sewn to the left atrium and right ventricular
outflow tract . Pacing was performed through the plaque
electrodes . A 24-electrode band was placed along the AV
groove and positioned to record atrial and ventricular elec-
trograms . Mapping of ventricular activation was performed
with use of a computerized mapping system (Bard Electra-
physiology) during right atria) pacing (cycle length 360 to
400 ms) and during normal sinus rhythm
. Mapping of atria)
activation was performed during right ventricular pacing at
the same cycle length and during orthodromic reciprocating
tachycardia .
When mapping was completed, adenosine was adminis-
tered (in the same dose given preoperatively) as a bolus
injection thr
:_gh the left atria] appendage while the atrium
was paced (cycle length 400 ms) . The injection of adenosine
was repeated during right ventricular pacing (cycle length
400 ms). In some patients, computerized atria) activation
maps were obtained during infusion of adenosine . On the
basis of previous experience, we expected that adenosine
woctd have a demonstrable effect on AV node conduction 2
to 5 s after injection into the left atrium
. Because the
mapping system stores 8 s of data for each activation map .
data acquisition was configured so that the maximal effect of
adenosine occurred during mia-acquisition . Hence, data
were acquired for 2 to 10 s after injection of adenosine .
After administration of adenosine and construction of the
activation maps (to localize the accessory pathway), en-
docardial division of the pathway during cardiopulmonary
bypass and cardioplegia was performed according to the
technique described by Cox et al . (1) . Once the dissection
was completed, the heart was warmed and returned to sinus
rhythm . Atria) and ventricular stimulation were performed
to determine if there was residual accessory pathway con-
duction.
Activation mapping verified conduction only through the
AV node. Induction of AV reciprocating tachycardia was
then attempted with ventricular and atria) premature extra-
stimuli. Finally, adenosine was administered sequentially to
all patients by bolus injection into the left atrium during atria)
and ventricular pacing.
The median sternotomy was then closed and the patient
allowed to recover. There were no postoperative complica-
tions, and all patients returned I week later for follow-up
study .
Studies performed during radiofrequency catheter abla-
tion
. Once the site of the accessory pathway was identified
and the response to adenosine (6 to 12 mg) administration
determined, radiofrequency catheter ablation was per-
formed
. In patients with manifest pre-excitation, ablation of
the accessory pathway was performed at the site of ventric-
ular insertion, whereas in patients with a concealed acces-
sory pathway, ablation was performed at the site of ntrial
insertion . Radiofrequency ablation was performed during
KEIM ET AL.
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sinus rhythm with use of a steerable large tip (4 mm) 7F
catheter (Mansfield-Webster Catheters) . In patients with a
left-sided accessory pathway, the ablation catheter was
positioned under the Initial valve antes in apposition with
the pair of electrodes on the coronary sinus catheter that
identified the site of the pathway . In Patient 16, who had a
concealed right posteroseptal accessory pathway, the abla-
tion catheter was positioned at the coronary sinus as . Once
the catheter was optimally positioned, radiofrequency en-
ergy was delivered (30 to 50 W for 30 to 60 s) by way of the
tip electrode of the ablation catheter to a posterior chest wall
patch . The application of radiofrequency energy was termi-
nated sooner if there was an increase in tissue-electrode
impedance or if accessory pathway conduction was present
after energy was applied fur 5 to 10 s .
AJirr ablation, the efficacy of the procedure was assessed
by demonstrating adenosine-induced AV block during atria)
pacing (except in Patients II and 16, who had a concealed
accessory pathway) and ventricular pacing at a cycle length
of 400 or 500 ms
. The dose of adenosine was the same as that
used to assess AV conduction before ablation .
Studies performed after ablation . Electrophysiologic
studies were pert: rmed 7 to 10 days postoperatively with use
of temporary transthoracie epicordial pacing wirct placed at
the time of operation . Anterogmde (AV) and retrograde
(VA) conduction were characterized . as were atria), AV and
ventricular refractory periods . During atria) pacing, adeno-
sine was administered as described in the preoperative
study. If VA conduction was present, adenosine adlninistra-
!ion was repeated during pacing of the right ventricle. A
similar protocol was performed after radiofrequency abla-
tion ; patients were studied within 3 days of the procedure by
means of pcrcutaueoas cedocardial catheters
.
Results
Patient characteristics (Table 1) . Patients I to 8 under-
went surgical division of the accessory pathway, whereas
Patients 9 to 16 underwent radiofrequency catheter ablation
of the pathway. All but one patient had clinical or inducible
AV reciprocating tachycardia with a cycle length of 240 to
380 ms . Patient 16 clinically had AV node reentrant tachy-
cardia with a concealed accessory pathway. Before radio-
frequency ablation it was probably a bystander. No patient
had multiple pathways . All but four patients had bidirec-
tional accessory pathway conduction .
Electrophysiologic response of the 16 patients to intrave-
nous administration of adenosine during atriat and ventricular
pacing (Table 1), In the 12 patients with bidirectional con-
duction over the accessory pathway, maximal pre-excitation
without AV block was seen %)cn adenosine was adminis-
tered during the baseline electrophysiologic study (Fig
. 1,
upper panel)
. In the patients with only retrograde conduction
over the pathway, transient AV block was demonstrated
with adenosine during atria) pacing (Patients 5 . 7, 11 and 16) .
Loss of conduction in the accessory path' .ay in response to
100$
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RA
I Adenosine 10mg (+ 5secs)
II
I	I	
t	I	I	I	
I
1 Sec .
Adenosine 10 mg (+
5 sees)
Is
V5
RV
RA
I	
I	I	I	I	I	
I
I sec.
Figure L Patient 6 . Adenosine-insensitive ahioventricular (AV)
conduction . Atria€ pacing (upper panel) and ventricular pacing
(lower panel) during the preoperative investigation in a patient with
a left parasepal pathway . There is continuous 1 :1 conduction
throughout the pacing period, indicating that conduction through the
accessory pathway is not blocked with the administration of aden-
osine . Surface leads 1, 11 and V, arc shown ., as are intracardiae
recordings from the right ventricular (RV) apex and right atrium
(RA). s =stimulus enlfact .
adenosine during vcmticular pacing was not observed in any
patient (Fig. 1, lower panel) .
Introopcrative use of adenosine . In the eight patients
undergoing surgical division of the accessory pathway, re
sponses to adenosine i1; the operating room before surgical
division were identical to those observed during the presur-
1ACC Vol . 19. Nn. 5
April 1992:1005-12
gical electrophysiologic study . Similar doses of adenosine
were administered (bolus injection) through a left atrial
catheter
. Accessory pathway conduction was not noted to
be affected by the increased effective dose of adenosine or
by general anesthesia. Computerized atria) maps obtained
during concurrent ventricular pacing led bolus injections of
adenosine yielded eccentric atrial activation sequences iden-
tical to those obtained during AV reciprocating tachycardia
(Fig. 2). Thus, VA conduction proceeded over the accessory
pathway during administration of adenosine . After final
dissection all patients developed AV block in response to
adenosine during pacing from the atrium (Fig
. 3 ; upper
panel)
. Seven patients demonstrated VA conduction that
was blocked by adenosine . In Patient l, retrograde conduc-
lion was not present; therefore, testing with adenosine was
not performed during ventricular pacing
.
lit tine patient, the operation was modified on the basis of
adenosine responsiveness. Patient I had a bidirectionally
conducting posteroseptal pathway . After surgical division,
there was no evidence of pre-excitation, and adenosine
produced transient AV block; however, nondecremental
retrograde VA conduction was present despite adenosine,
suggesting persistence of an accessory pathway . Adenosine
induced anterograde but not retrograde blocK during pacing .
Although reciprocating mchycardia could not be induced,
several 5-mm eryolesions (Frigitranics) were placed at and
anterior to The coronary sinus ostium; each application was
for 2 min at -7D C . During cryoablation, the patient devel-
oped first-degree AV block that quickly resolved after re-
warming. Immediately after cryoablation, retrograde VA
conduction could not be demonstrated inteooperalively
;
however, it was present during the postoperative study and
found to be sensitive to adenosine (confirming the presence
of retrograde AV node conduction).
Use of adenosine during rndlnfrequency ablation. All eight
patients undergoing radiofrequency ablation demonstrated
transient anterograde AV block after ablation during concur-
rent atrial pacing and adenosine administration (Tablet, Fig.
4) . All but one patient developed transient retrograde block
in response to adenosine administration. In Patient 16, who
clinically had AV node reentrant tachycardia of the slew-fast
variety. selective radiofrequency ablation of the retrograde
fast AV node pathway and the concealed posteroseptal
accessory pathway was performed . After ablation, and be-
fore the administration of adenosine, there was complete VA
dissociation . At follow-up study, VA conduction nuts
present and could be tested .
Follow-Op . At follow-up study, no patient had inducible
lachycardia, and all had decremental AV conduction consis-
tent with conduction proceeding over the AV node . No
patient showed evidence of pre-excitation, and all developed
complete AV block with the administration of adenosine
during atrial pacing. The longest duration of adenosine-
induced AV node block was 6 a and this episode was
associated with antecedent PR prolongation without evi-
dence of pre-excitation (Fig . 3, lower panel)
. Retrograde
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conduction was not present during 'ventricular pacing in
Patients 7 and 13 . In Patient 4 ventricular pacing could not
be perfumed through temporary pacing wires . It was
elected not to insert an intravenous pacing catheter be-
cause the patient's clinical arrhythmia was rapid, pre-excited
atrial fibrillation . Patient 15 did not undergo a follow-up
electrophysiologic study after radiofrequency catheter
ablation . Therefore, all 12 patients who underwent an eval-
uation after ablation with retrograde conduction developed
transient VA block in response to adenosine during ven(ric-
ular pacing .
Adverse effects, Side effects from the administration of
adenosine were transient and included flushing, chest pain
and tachypnea in conscious patients . A0 side effects were
regarded as mild by the patients and none lasted >30 s .
T.
JACC Vu!, 19 . No . 5
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Figure 3. Patient 6. Adenosine-induced anterograde
and retrograde block over the normal atrioventriculer
(AV) node conduction system aver surgical division of
the accessory pathway. Upper tracing, Atrisl pacing
indicates a stimulus artifact followed by a ventricular
electrogram . Numbers indicate the AV interval . Note
the progressive increase in conduction time aver the
AV node and subsequent high grade AV black Irsler-
isk) . There is no change in the QRS configuration .
indicating no latent conduction over a cuncealed vows,
sory pathway . Lower tracing, Adenosine-induced ven-
triculoatrial (VA) block during ventricular pacing at
400 ms . Note the atrial etectrogram after the ventricular
stimulation ertifatt and suhsequent high grade VA
block (areerldq . Other abbrevietioas as in Figure I-
There were no major hemodynamic changes except those
associated with transient high grade AV block . There was a
brief decrease in systolic pressure (20 to 30 mm Hg) during
intraatrial administration of adenosine .
Duration of follow-up ranged from 6 months to 2 years .
There has been no recurrence of tachycardia in any patient,
and all remain free of antiarrhythmic medication,
Discussion
The major finding of this study is that the response of AV
conduction to intravenous adenosine is a convenient and
reliable method by which to immediately assess the efficacy
of either surgical division or radiufrequency ablation of
accessory pathways . It is particularly valuable for those
IACC Vol . 19. No . 5
April
1992 :1005-12
Figure 4, Patient 14
. Anterograde and retrograde atrieven-
* 111 r (AV) block after rad
infrequency
ablation of a left
posterior accessory pathway
. Pens A .
After
4 s of
radio-
fregoeacy, energy delivered through the distal pat, of the
ablation catheter, pre-excitation on the surface ECG leads
(I, aVF and V I) disappears (asterisk) . Note the simulta-
neous increment in the AV interval recorded on the coro-
nary sinus (CS) tracing . indicating that anlerograde conduc-
tion now proceeds through the AV node
. Panel B . Transient
anterograde AV black (asterisk) during high right atria]
(HRA) pacing and administration of adenusine after abla-
tion, indicating an absence of anterograde conduction over
an accessory pathway . HBE = His bundle electrogram :
RVA = right ventricular apex : s = pacing stimulus . Panel
C, Transient retrograde ventticubatrial (VA) block during
venuicular pacing and adminstratioa of adenosine alter
ablation. Afterthe blocked beat (oslerisk) irons rhvdhiawith
anterograde conduction occurs .
Cs
I
nVF
VI
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HBE
patients with a posteroseptal or anteroseptal accessory path-
way in whom differentiating between retrograde conduction
over the AV node or accessory pathway can be difficult
.
Electrophysiologic effects of
adenosine . Adenosine has
differential effects on supeaventricular and ventricular tis.
sues (7). For example, it has no direct effect (that is, in the
absence of beta-a lit nergic stimulation) on the ventricular
action potential, whereas it causes marked depression of
slow action potentials in the N cattle of the AV node . The
laser property is the basis for its antiarrhythmic effects on
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reentrant supraventricular arrhythmias that involve the AV
node (16). The electrophysiologic properties of accessory
pathways, although complex, appear to behave like those of
working ntrial muscle. On the basis of these observations it
is reasonable to expect that adenosine should have little or
no effect on accessory pathway conduction, whereas R will
slow or block conduction in the AV node
. Consistent with
these electrophysiologic effects is the maximization of pre-
excitation during adenosine-induced AV node block (17) .
Tkere are important exceptions to the preceding obser-
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valion.r . For example, Lerman et al
. (10) showed that
unusual accessory pathways with decremental conduction
properties are sensitive to adenosine, a finding that has been
confirmed by others (Is)
.
Furthermore, adenosine may have
a small effect on accessory pathway conduction because of a
reflex-mediated increase in sympathetic tone
(9). Several
investigators have observed rare accessory pathways that
arc sensitive to adenosine triphosphate (11,12), but this
observation has not been confirmed by others
(20) . Although
the c1cclrophysiologic effects of intravenously administered
adenosine triphosphatc have been thought to be due to the
breakdown product adenosine (g), it appears that these two
pufine compounds are not totally equivalent . Acquired aden-
osine sensitivity of an accessory pathway in the immediate
postoperative period was reported in one patient (21) . It was
believed to represent an obtunded, incompletely ablated
accessory pathway . In our study, dissection was continued
until all retrograde VA conduction was blocked during the
administration of adenosine . This end point was interpreted
as evidence of complete ablation of the accessory pathway,
which was subsequently confirmed during electrophysio-
logic studies I week postoperatively and with long-term
clinical follow-up.
Because of the ultra-short plasma half-life of adenosine
(<1 .5 s) (14) and the absence of adverse bemodynamic
effect, an intravenous bolus of adcnosinc can be repeatedly
administered safely over a short period
of
time . On the basis
of this favorable pharmacologic profile, adenosine assess-
ment of accessory pathway conduction is a distinct improve-
ment over the use of other pharmacologic agents, such as
verapamil and propranolol (20) .
The methods described herein are applicable to the great
maiority of patients undergoing ablation who have an acces-
sory pathway that is insensitive to adenosine . Evaluation
before ablation is an important part
of this method. If an
accessory pathway is noted to be sensitive to adenosine, this
approach will not he useful . The administration of adenosine
during ventricular pacing allows for repetitive assessment of
reu'ogmde accessory pathway conduction and offers a quick
screen for multiple pathways, especially when one of the
accessory pathways has no anterograde conduction,
Conclusions, This is the first report to evaluate system-
atically the effects of adenosine on accessory pathway
conduction after ablation by using each patient as his or her
own control . This approach obviates intetpatient variability
and the results indicate that the response to adenosine of en
accessory pathway does not change during the perioperative
period . If an adenosine-insensitive accessory pathway is
demonstrated before intervention, its list during the period
before and after ablation may prove to he a rapid and
effective method of assessing successful ablation of acces-
sory pathways.
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